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Results: The mean MLC tracking latency was consistently 
around 146ms while the couch tracking latency increased 
from 187ms to 246ms with decreasing sinusoidal period 
length due to limitations in the couch acceleration. The 
mean root-mean-square geometric error was 1.26mm (couch 
tracking) and 0.67mm (MLC tracking) parallel to the MLC 
leaves and 0.84mm (couch) and 1.74mm (MLC) perpendicular 
to the leaves. The motion-induced mean gamma failure rate 
was in mean 30.4% (no tracking), 0.1% (couch tracking), and 
8.1% (MLC tracking) for prostate motion and 41.2% (no 
tracking), 2.9% (couch), and 2.4% (MLC) for lung tumor 
motion. The dose errors with tracking were largest for high 
modulation VMAT (see figure). The errors were mainly caused 
by fast lung tumor motion for couch tracking and by 
inadequate leaf fitting to prostate motion perpendicular to 
the MLC leaves for MLC tracking. 
 
 
 
Conclusion: Both MLC and couch tracking markedly improved 
the geometric and dosimetric treatment accuracy. However, 
the two tracking types have different strengths and 
weaknesses. While couch tracking can correct perfectly for 
slowly moving targets such as prostate, MLC tracking has 
limitations when adapting to motion perpendicular to the 
MLC leaves. Advantages of MLC tracking include faster 
dynamics with better adaptation to fast moving targets, the 
avoidance of moving the patient, and the potential to track 
target rotations and deformations. 
 
Poster: Physics track: Inter-fraction motion management 
(excl. adaptive radiotherapy)  
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Purpose or Objective: To retrospectively evaluate setup 
errors in craniospinal irradiation (CSI) with volumetric-
modulated-arc-therapy (VMAT) for paediatric patients using 
daily cone-beam-computed-tomography (CBCT), and assess 
adequate planning-target-volume (PTV) margins. 
 
Material and Methods: Ten paediatric patients with median 
age 10 years (range 3-14 years) undergoing CSI by VMAT were 
included in this study. All patients were immobilized by five-
point thermoplastic mask with shoulder fixation and Vac-Lock 
cushions and treated in supine position, using 6 MV photons 
and 2 longitudinally aligned isocenters. Radiation beams were 
covering the brain and upper spine, and the lower spine 
respectively. The dose distribution at their virtual junction 
was optimized by inverse planning. Three patients (age ≤ 6 
years) received general anesthesia and 1 patient was sedated 
during positioning and treatment procedures. Daily kV CBCTs 
were acquired before treatment for both the upper and lower 
segments of craniospinal axis. CBCT scans were registered to 
the planning CT using bony anatomy and setup shifts were 
determined. Inter-fraction shifts were retrospectively 
evaluated as systematic (Σ) and random (σ) errors in the 
antero-posterior (AP), lateral (LR), cranio-caudal (CC) and 
directions. PTV margins were calculated for a minimum CTV 
dose of 95% for 90% of patients. Setup errors of upper and 
lower craniospinal axis were compared by a 2-tailed t-test 
and a p value <0.5 was considered significant. 
 
Results: A total of 376 CBCT image registrations were 
assessed. 
Table 1. Summary of setup errors for upper and lower 
segments of craniospinal axis for all patients. 
 
 
 
The largest setup error occurred in the CC and LR direction, 
for the upper and lower segment of craniospinal axis, 
respectively. Statistical significant difference was found 
between upper and lower segment of craniospinal axis in CC 
(p=0.032) and LR (p=0.009) directions, due to different 
immobilization devices.  
Fig. 1. Distribution of setup errors in all directions, for upper 
and lower segment of craniospinal axis. 
 
 
 
Conclusion: For paediatric patients undergoing CSI by VMAT, 
the main setup variation occurs in the CC and LR direction, 
for the upper and lower segment of craniospinal axis, 
respectively. Despite of specific immobilization methods, 
large PTV margins are required to reduce the setup 
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uncertainty. Our data recommend daily kV CBCT imaging and 
setup corrections for this group of patients.  
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Purpose or Objective: To review CBCT images of 35 pts 
receiving radical irradiation for localized prostate cancer, 
according to an IGRT protocol based on the use of 
intraprostatic calcifications as natural fiducial markers for 
the evaluation of inter-fraction organ motion. 
 
Material and Methods: Between 2013 and 2014, 646 KVCBCT 
images of 35 pts radically irradiated with moderately 
hyopofractionated VMAT (2.5 Gy/fract.- 70 Gy in 28 fract.) 
for localized prostate cancer were acquired according to an 
IGRT protocol aimed at evaluating the role of intraprostatic 
calcifications as natural fiducial markers. All the evaluated 
pts presented at least 3 calcifications of >2 mm located 
inside or at the borders of the CTV and contoured on high 
resolution CT-simulation scans and on each CBCT (mean: 18 
CBCT/patient). In order to assess the internal stability of the 
calcifications the distances between them were measured for 
each patient on both CT-simulation scans and each CBCT, 
then mean ± SD of differences between distances was 
calculated. Distances between calcifications and the center 
of mass of CTV were also calculated in 21 patients by drawing 
CTV on 360 CBCT images, contoured by a same physician. The 
center of CTV mass spatial coordinates (X, Y, Z) was 
determined for each CTV and finally the distances between 
the center of the CTV and the center of each calcification 
were measured. Stability of calcifications in respect of CTV 
was assessed by calculating mean values ± SD of measured 
distances. 
 
Results: The mean value of differences in distances between 
calcifications was -0.04 mm ± 1.54 SD, with 95% of values 
contained inside 3 mm (μ ± 2SD). The mean value of 
differences in distances between calcifications and center of 
mass of CTV (Fig. 1) was -0.03 mm ± 1.55 SD, with 95% of 
values contained inside 3 mm (μ ± 2SD). 
 
 
 
Conclusion: Our results derived from the analysis of a large 
data set of CBCT images confirm that intraprostatic 
calcifications, when >2 mm and present at least Nr.=3, 
properly selected and contoured, can be used as very reliable 
natural fiducials, with potential reduction of iatrogenic risks 
and costs associated with the implantation of fiducial 
markers for prostate cancer IGRT.  
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Purpose or Objective: Bony anatomy is used to match anal 
cancer patients treated using volumetric modulated arc 
therapy (VMAT). Only extreme volume changes due to 
bladder, rectum or bowel filling are currently highlighted to 
the responsible clinician. This study aims to determine the 
impact that changes in bladder volume has on the dose to the 
small bowel over the course of the treatment by comparing 
the dose to volumes outlined on cone-beam CT (CBCT) to the 
initial planned dose statistics. A more representative value of 
accrued dose to the small bowel over the course of treatment 
can also be gained. 
 
Material and Methods: Ten patients who were treated with 
VMAT for anal cancer were selected for this study. Weekly 
cone beam CT images were acquired to monitor extreme 
changes in bladder and rectum filling. Patients were asked at 
both planning CT and treatment to have a comfortably full 
bladder. The bladder and small bowel (contained within the 
scan) were outlined on three CBCTs by one clinician; week 
one, mid treatment and final week. The bladder volumes 
were compared over the course of the treatment and the 
maximum small bowel dose, amount of small bowel receiving 
30Gy (V30Gy) and 40Gy (V40Gy) were recorded. 
 
Results: The results in Table 1 show the variation in bladder 
volume. The V40Gy bowel volume was plotted against the 
difference between the bladder volume at CBCT and the 
initial planning scan with the intercept for the linear trends 
set to the planning CT volume for each patient (see Fig. 1). A 
similar trend was found for the V30Gy measurement. There 
was less impact on maximum dose to small bowel with 
changing bladder size.  
 
Table 1 - Bladder Volumes 
Patient 1 2 3 4 5 6 7 8 9 10 
Planning CT 
bladder 
volumes 
[Range 
from 
CBCTs] 
(cm3) 
579 
[426-
618] 
196 
[75-
628] 
278 
[146-
225] 
140 
[57-
248] 
157 
[31-
70] 
170 
[80-
232] 
182 
[146-
215] 
247 
[65-
227] 
239 
[79-
154] 
161 
[81-
191] 
 
 
Conclusion: In eight cases a smaller bladder at CBCT resulted 
in a greater volume of small bowel receiving clinically 
relevant doses compared to the initial planning CT. There 
were two patients where the trend indicated that a larger 
bladder increased small bowel dose. Limitations of this study 
